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COMPARISON OF BUILDING LOADS ANALYSIS AND
SYSTEM THERMODYNAMICS (BLAST) COMPUTER PROGRAM
SIMULATIONS AND MEASURED ENERGY USE FOR ARMY BUILDINGS

1 INTRODUCTION

Background

The Building Loads Analysis and System Thermodynamics (BLAST) computer
program predicts hourly space heating and cooling requirements, simulates
hourly fan system performance, and simulates hourly performance of conven-
tional heating and cooling, solar energy, or total energy systems for new and
existing buildings. 1 The program has been field tested and was released for
general use in December 1977. The BLAST program is considerably more power-
ful, accurate, and provides more information to the designer than hand calcu-
lation methods. Consequently, it is now widely used by the Army, Department
of Defense, other Federal agencies, and private architect/engineers in the
United States, Europe, and Canada to determine both expected energy use in new
and existing buildings, and to help optimize building and energy system
design.

Although extensive BLAST field tests have proved the program to be accu-
rate and usable, a study comparing BLAST simulation results to measured field
data was considered desirable. Such a study could identify weaknesses in the
BLAST program and help define important building parameter inputs. Therefore,
the U.S. Army Construction Engineering Research Laboratory (CERL) was asked to
analyze and compare actual measured data against BLAST-predicted energy con-
sumption for two Army buildings in an attempt to verify the prediction capa-
bilities of the BLAST program.

Objective

The objective of this report is to compare the results of BLAST simula-
tions with measured building energy consumption data.

Approach

The following approach was used to perform this comparative study:

1. Two Army buildings were selected from among some 100 Army buildings
participating in an energy monitoring project designed to measure actual,
onsite energy-use and climate data.

1 D. C. Hittle, The Building Loads Analysis and System Thermodynamics (BLAST)
Program, Version 2.0, users Manual, Vols I and II, Technical Report (TR) E-
153-ADA072272 and ADA0722730; and E. Sowell, The Building Loads Analysis and
System Thermodynamics (BLAST) Program Input Booklet, TR F-154/ADAO7Z 35
(U.S. Army Construction Engineering Research Laboratory [CERL], June 1979).
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2. L.,iled data concerr4 nq thr- bu,!!r-s' *. ;jt and operit,,,. ;Pclud-
ing construction drawings, heating, ventilating, and air-conditioning (HVAC)
system information, occupancy use profiles, lighting and equipment usage,

etc., were obtained by onsite visits. surveys, and measurement.

3. A BLAST inpuit deck wa, creaLt', 'o edu&i Luildi. .

4. Hourly weather data and concur.ent detailed buildig energy-use data
were obtained from onsite instrumit.s for 1 -Thinrt tinki period (about 1 month).

5. BLAST simulations were performed using onsite weather data and com-
parisons were made between predicted energy use and actual energy use for the
selected buildings.

6. Resultr were analyzed to detFrmini- the xtt of agreement between
the BLAST simulation and measured energy use and to determine the cause of any
disagreements.

7. Building boundary energy-usp data for the two buildings and weather
data for the National Weather Service observation site closest to each build-
ing were obtained for a time period of several months.

8. BLAST simulations were performed for the longer time period. Compar-
isons were made between the predicted and actual energy use for each building.

Scope

The results of Steps I throuah b in the approach section above are
described in CERL Interim Report E-161. 2 This report summarizes those results
and describes the work performed in Steps 7 and 8.

Mode of Technology Transfer

The results of this work will be referenced in a future version of the
Energy Conservative Design Guide.

2 D. Herron, L. Windingland, and D. Hittle, Comparison of Building Loads
Analysis and System Thermodynamics (BLAST) Computer Program Simulations and
Measured Energy Use for Army Buildings, interim Report (IR) L-161/ADA085573
ICERL, May 1980).
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2 DISCUSSION

Energy Conservative Design Rationale

Energy efficiency is one of the major considerations in the design of new
facilities. Prescriptive standards for new facility designs such as those
given in the American Society of Heating, Refrigeration, and Air Conditioning
Engineers (ASHRAE) Standard 90-75 and the Department of Defense Criteria
Manual 4270.1-M specify the types of materials, minimum insulation levels,
amount and types of glass, type of HVAC systems, system operation and control
schedules, etc. which may help ensure that a facility will be energy conserva-
tive in a certain climate. While these standards ensure a relatively energy
efficient design, they severely restrict the design options available to
architects and engineers. 3

To circumvent this problem, the Department of the Army uses the design
energy budget procedure, which assigns a maximum yearly design energy consump-
tion rate, on a square foot basis, to each facility type (e.g., offfce, store)
according to climatic zones. 4 The actual facility design must be shown to
consume no more than the amount of energy specified in the design energy
budget for that facility type and climatic region. This allows for much flex-
ibility in the design, provided the target design energy budget can be met.

Design Energy Budgets

Design energy budgets are determined for various facility types from com-
puter simulations using energy analysis programs such as BLAST and by analyz-
ing actual energy-use data. Design energy budgets are determined by fixing
the construction details of the buildings at the levels specified by the
prescriptive standards as discussed above, and by fixing the building operat-
ing parameters (occupancy, thermostat settings, etc.) at typical levels. Com-
pliance of an actual design is shown by computer simulation of the facility
using the actual construction details and assuming the same set of typical
building operating parameters.

While the design energy budget procedure ensures that the dejig of a
facility is energy efficient, it cannot predict the actual energy consumption

-' of a facility after it is built and in operation. 1TTs ibecause a facil-
ity's actual energy consumption is determined by many factors beyond the co,-
trol of the designer. For example, the quality of the construction, the
effects building occupants have on lighting levels, infiltration, thermostat
settings, and the actual performance of the HVAC system and its controls can
significantly impact energy consumption. Thus, the energy budget computed for
a facility is only an indication of what a facility's energy consumption would
be if it were constructed as designed, and operated according to the energy
conservative operating rules used in the budget procedure. Generally, the

3 Energy Conservation in New Building Design, ASHRAE Standard 90-75 (American
'Society of Heating, Refrigeration, and Air Conditioning Engineers [ASHRAE],
1975); and DOD Construction Criteria Manual 4270.1-M (Department of Defense
[DOD], Office of the Assistant Secretary of Defense, 1 October 1972).

4 Interim Energy Budgets for New Facilities, Engineer Technical Letter (ETL)
1110-3-309 (Department of the Army, 30 August 1979).
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energy budget procedure indicates the best energy performance that the facil-
ity could have; it is the target energy performance that building operators
should try to achieve.

Energy Analysis Computer Programs

Energy analysis computer programs, such as BLAST, were developed to help
designers create energy efficient buildings. lhese programs let designers
evaluate design options for new and retrofit facilities by giving designers a
way to rank design alternatives according to their relative energy savings.
For these kinds of analyses, energy consumption factors beyond the designer's
control, such as construction quality and occupant behavior, are not critical,
since they do not affect how alternatives arp ranked. Therefore, the energy
efficient building operating rules used in these analysps can provide energy-
use data that are useful for budget comparisons.

Such energy performance analyses indicate the optimum energy performance
a facility could have for the climate used in the simulation. The facility's
actual energy performance will agree with this prediction only if the actual
weather conditions match those used in the simulation, ancfT-the building is
operated in the manner assumed in the simulation.

If, for validation purposes, the predictions from an energy analysis pro-
gram such as BLAST are to be compared to the long-term, actual energy consump-
tion data of a facility, precise data about the building's actual operation
and energy use must be obtained by intensive monitoring and energy-use sur-
veys. To do this, accurate data describing the building's occupancy level,
lights and equipment use, thermostat settings, and mechanical system opera-
tion, as well as actual weather data for the desired period, must be avail-
able. Actual energy-use data on each of the facility's major components must
also be collected, so energy-use comparisons can be made at the individual
component level. Enough information about a building must be collected to
ensure that when predicted and actual data are compared, the cause of any
disagreement can be identified as an error in either the BLAST input deck for
the building or the BLAST simulation algorithms.

Building Selection

From 1976 to 1978, the Fixed Facilities Energy Consumption Investigation
(FFECI), an Army-sponsored energy monitoring project, measured hourly building
boundary energy consumption data for more than 100 Army buildings at different
installations throughout the continental United States. Hourly climatic data,
including ambient temperature, dew point temperature, wind speed, wind direc-
tion, barometric pressure, and solar radiation were also collected using
appropriate sensors, electronic interface devices, and recorder systems.5

5 L. M. Windingland and B. J. Sliwinski, Fixed Facilities Energy Consumption
Investigation -- Initial Energy Data, IR E-120/ADA051074 (CERL, January
1978); E. Windingland, B. Sliwinski, and A. Mech, Fixed Facilities Energy
Consumption Investigation Data Users Manual, IR E-127/ADA052708 (CERL,
February 1978); and B. Sliwinski, D. Leverenz, and L. Windingland, Fixed Fa-
cilities Energy Consumption Investigation -- Data Analysis, IR E-
143/ADA066513 (CERL, February 1979).
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However, only a few of these 100 buildings were monitored closely enough to
allow their individual energy use, including heating and cooling requirements,
to be identified. It was from among the buildings with measurable individual
data that CERL selected two representative Army buildings for the BLAST
prediction/compari son study.

The first building selected was a single-story, 18-chair dental clinic
with laboratory at Fort Hood, TX. Figures 1 and 2 show the floor plan and
typical wall, roof, and floor sections of the dental clinic, respectively.
The clinic was built in 1968 and has a gross area of 9384 sq ft (872 m2). It
is constructed of block and brick and uses a steel truss roof system and
built-up roof. It has an exterior wall area of 4050 sq ft (376 m2), of which
about 340 sq ft (32 m2 ) are windows or glass doors. The clinic is served by a
multizone air-handling system with 10 zones. A reciprocating chiller and
air-cooled condenser package (60-ton capacity) supply the chilled water to the
multizone system, and a gas-fired hot water boiler is used for heating. The
clinic's hourly total electrical consumption, which includes the electrical
consumption of the building's lights, dental equipment, HVAC equipment,
chiller package, and the hourly total natural gas usage is being metered under
the FFECI project.

The second building chosen was a battalion headquarters and classroom
building built in 1974 at Fort Carson, CO. This one-story structure has a
ground floor area of 18,907 sq ft (1757 m2 ) and a basement area of 3330 sq ft
(310 m2 ). The building is 259 ft (79 m) long, 73 ft (24 m) wide, and has an
exterior wall area of 8235 sq ft (765 mZ), of which 933 sq ft (87 m2 ) are win-
dows and glass doors. Figure 3 shows the building's floor plan. Figure 4
shows typical wall, roof, and floor sections. The building core is served by
a seven-zone multizone air-handling system which receives its hot and chilled
water from a remote central boiler/chiller plant. The wings at each end and
the basement are served by single zone heating systems which also receive
their hot water from the remote central plant. FFECI data being measured for
this building include hourly total hot and chilled water energy supplied from
the central plant and the hourly total electrical consumption, including
building lights, office equipment, and HYAC equipment.

Construction Drawings

The as-built construction drawings for each of the buildings selected for
analysis were obtained from each installation's Facilities Engineer and veri-
fled in the field. These drawings included floor plans, architectural details
(including wall, roof, and floor construction details), electrical plans,
mechanical plans, equipment lists and schedules, and HVAC control diagrams.

Building and HVAt System Data

A field survey and onsite measurements of system parameters were neces-
sary to prepare accurate input for the BLAST program. A contractor, Yandell
and Hiller, Inc., Fort Worth, TX, collected these additional field data for
CERL; the contractor's data collection activities were divided into three
tasks:

11 '
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Figure 1. Dental clinic floor plan.
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1. Task 1 -- Familiarization With Buildings. The contractor reviewed
building drawings and made onsite visits to verify as-built drawings against
the actual building. Particular emphasis was placed on building modifica-
tions; installed equipment capacities; verification of actual wall, roof,
floor, and ceiling construction materials; equipment control strategies; and
operating procedures.

2. Task 2 -- Building Survey. The contractor prepared and distributed
an occupancy questionnaire which was analyzed to determine the building's
occupancy profile (i.e., the number of occupants in the building, when they
went to lunch, and when they left for the day). The contractor also observed
the operation of the building, recording for short periods the number of times
doors were opened, exhaust fan operation, and other parameters so an estimate
could be made of the building's air infiltration. In addition, the contractor
determined the capacities of installed mechanical equipment and obtained
manufacturer's specifications or data sheets for each piece of equipment in
the building, including air-handling unit fans, heating and cooling coils,
boilers and chillers, unit heaters, water heaters, exhaust fans, and HVAC sys-
tem controls.

3. Task 3 -- Data Monitoring. The contractor measured outside air quan-
tities, return air quantities, total supply air flow, the supply air flow to
each zone in the building, and air temperatures of both the hot and cold
decks. In addition, each building's fan operating periods and full-load con-
sumption were determined. Temporary electrical measuring devices were
installed so the energy use of the heating and cooling systems' components
could be separated from the remaining electrical energy used within the build-
ing. The contractor also installed temporary recording devices to monitor the
detailed energy performance of one zone in each building. Building HVAC sys-
tem controls were checked to determine the actual sequence of operation and,
where possible, controller set point and throttling ranges. Table 1 lists the
items surveyed, method of monitoring, and frequency and duration of monitor-
ing.

The data listed in Table 1 were continuously recorded for the dental
clinic at Fort Hood between 24 June and 26 July 1978. Data for the battalion
headquarters and classroom building at Fort Carson were recorded between 4
August and 6 September 1978.

Computer Simulation for the Short Time Period

BLAST input decks were prepared to simulate both the dental clinic and
the battalion headquarters and classroom building using data from field sur-
veys, contractor measurements, and as-built drawings. Using actual onsite
weather data, each building was simulated for the 1-month period when detailed
energy use information was available. To ensure the independent integrity of
the BLAST simulation, the FFECI energy-use data were not inspected before or
during BLAST input preparation.

15
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Comparison of Actual and Simulated Results for the Short Time Period

After the BLAST simulations were completed, the actual energy-use data
were inspected for the 1-month period for which the simulations were per-
formed. Simulated and measured total consumption data were then compared for
the total period and on an hourly basis to determine the agreement between
BLAST-predicted and measured energy-use data. The hourly energy data for each
building component were examined to ensure that cancelling errors did not
result in unusually close agreement in total energy use for the simulation
period. A statistical analyis was performed on the variances between the
BLAST simulation and the actual energy use.

Computer Simulation for the Long Time Period

The BLAST simulations were repeated for each building for a period of
several months using weather data obtained from the National Weather Service
for the location closest to each building. For these periods, actual energy
data included only the hourly building boundary energy consumption information
available from the Army's energy monitoring project.

Comparison of Actual and Simulated Results for the Long Time Period

After the BLAST simulations were complete, data comparisons were made
between the simulated and measured data.

18
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3 ANALYSES AND FINDINGS -- DENTAL CLINIC

BLAST Input Deck

The dental clinic was divided into 10 simulation zones. Each simulation
zone corresponded to a zone served by the clinic's multizone air-handling unit
(Figure 1). Zone geometries and construction details of the walls, roof, and
floor were determined from the construction drawings. The crawlspace was also
simulated to accurately model heat transfer through the floor.

The internal electrical peak load and daily internal electrical load pro-
file (which included building lights and dental equipment) was determined by
analyzing contractor-supplied measured data (Figure 5). Peak electrical
demand for each zone was estimated from a disaggregation of the peak internal
building electrical demand, based on the distribution of lights and equipment
within the building as determined by a building survey. The building's occu-
pancy profile (Figure 6), zone peak occupancy (based on building-use pat-
terns), and zone thermostat settings and control profiles were determined from
contractor-supplied data.

Specific information about the HVAC system was obtained from control
diagrams, control specifications, and measured or observed data. Design cool-
ing coil parameters were obtained from the construction drawings. Design data
for the water chiller package were obtained from manufacturers' catalogs for
the specific unit installed in the building; the chiller part-load curve was
determined from measured data (Figure 7). The peak electrical demands of the
chiller, condenser, and HVAC fans were determined by contractor-supplied meas-
ured data. HVAC system air volume flow rates were also supplied by the con-
tractor.

The BLAST input deck for the dental clinic is in Appendix A. Table 2
summarizes the fan system input parameters.

Computer Simulation -- Short Time Period

Actual weather data from Fort Hood, TX were available from the Amy's
energy monitoring project for the period 1 June through 6 July, 1978. Actual
weather data were not available for the period 6 to 26 July 1978 because of an
instrumentation mal function.

A BLAST simulation was performed for the dental clinic for the period 1
June through 6 July. The simulation predicted the hourly total, internal
building, fan, and chiller electrical consumption. Because the clinic's hot
water supply pump was disabled during the simulation period, BLAST simulated
the hot water boiler as being turned off; thus, no gas consumption was
predicted.

Comparison of Data -- Short Time Period

For the period 1 June to 6 July 1978, hourly data on the building's total
electrical consumption were available from the Amy's energy monitoring

19

m Ma



PEAK' 33WkW

100

g0

160 UW
40

000 000 040 60 0 1000 1200 1400 1600 1600 2000 2200 2400

Figure 5. Dental clinic internal electric load profile (weekdays only).

100o BLD, VACANT ON WEEKENDS

0

201

0600 0600 000 1200 1400 1600 #Soo

TIME OF DAY

Figure 6. Dental clinic occupancy profile (weekdays only).

07

020

I- Ck * -~



q

Table 2

Fan System Parameters -- Dental Clinic

Type system = multizone

System operation = continuous

Seasonal Component Schedules

Heating coil on: 1 January; off: 31 December
Cooling coil on: 1 January; off: 31 December

Mixed air control = fixed amount
Fixed outside air volume = 1.942 m3/s

Hot deck control = outside air control
Hot deck throttling range = 4.OOC
Hot deck control schedule = (48.89 at -12.11, 26.67 at 21.11)OC

Heating coil capacity = 1000 kW
Heating coil energy supply = hot water

Cold deck control = fixed set point
Cold deck throttling range = 2.770C
Cold deck fixed temperature = 15.550C

Zone Zone
Zone Supply Exhaust

Number Air Volume (m3/s) Air Volume (m3/s)

1 0.842 0.4719
2 0.1916 0.0
3 0.9486 0.0
4 0.3592 0.2832
5 0.2369 0.0
6 0.3931 0.0
7 0.4172 0.0
8 0.3912 0.0

-' 9 1.060 0.0
10 0.9934 0.0

Total design supply air volume = 5.883 m3/s
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project; hourly (Table 3 and Figure 8) and total (Table 3) consumption compar-
isons between measured and predicted total electrical consumption were made.
For the period 25 June to 1 July 1978, hourly electrical data for the
building's internal and chiller electrical consumption were also available;
hourly (Table 3 and Figure 9) and total (Table 3) comparisons were made
between these measured and predicted data.

The comparison results in Table 3 show that BLAST-predicted total build-
ing electrical consumption is 12.1 percent higher than the measured total
building electrical consumption. The correlation coefficient for the measured
vs predicted data is 0.87. Figure 8 shows a plot of predicted and measured
total electrical consumption for the week of 25 June to 1 July 1978.

To determine why measured and predicted total electrical consumption data
disagreed, individual electrical load components were analyzed. Results for
internal building and chiller package electrical consumption are shown in
Table 3. A plot of predicted vs actual chiller electrical consumption data
for the week of 25 June to 1 July 1978 is shown in Figure 9.

The results of the detailed analyses of the internal building electrical
consumption prediction indicate that the profile predicts a consumption within
10 percent of the measured data and has a correlation coefficient of 0.90.
The results also indicate that the internal building electrical consumption
profile consistently overpredicts the electrical consumption.

The results of the detailed analyses of the chiller package electrical
consumption prediction indicate agreement within 10 percent of the measured
data; the correlation coefficient is 0.79. The chiller input predicts the low
part-load operation almost exactly, but consistently overpredicts during the
high part-load operating conditions of the chiller package (Figure 9).

Computer Simulation-- Long Time Period

While the short-term simulation was indicative of the accuracy of the
dental clinic simulation model, comparison for a longer time period, including
both the heating and cooling season, was desirable. Because the typical BLAST
user does not have access to actual onsite weather for his or her simulation,
it was decided to use weather data from the closest National Weather Service
recording station -- Waco, TX. Continuous energy data were available from the
Army's energy monitoring project for the period 15 March to 31 July 1980.
Weather data were obtained for Waco, TX for that period, and using the dental
clinic input deck (as described above) a BLAST simulation was performed. The
simulation predicted the hourly total electrical consumption. It included the
electrical consumption from building lights, dental equipment, HVAC equipment,
the packaged chiller, and the hourly total gas consumption.
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Table 3

Dental Clinic Comparison -- Short Time Period
Electrical Data Comparison

Measured Predicted
Total Building Electrical (kWh) (kWh) % Difference

1 June 0000 to 6 July 0900 44,687 50,091 -12.1

Internal Building Electrical

25 June 0000 to 1800 and
26 June 0700 to 1 July 0900 2345 2581 -10.1

Chiller Electrical

25 June 0000 to 1800 and
26 June 0200 to 1 July 0900 4597 5308 -9.6

Statistics (hourly)* Total Bldg Internal Bldg Chiller

R** 0.87 0.90 0.79

DIFFAV (kW) -5.87 -1.12 -1.25
DIFFVAR 55.90 39.20 6.26
DIFFSTD 7.43 4.36 6.26

PERAVE -15.76 -46.03 -2.79
PERVAR 620.75 17,135.00 327.14
PERSTD 24.91 130.90 18.09

DABSAVE (kW) 7.30 3.44 4.97
DABSVAR 36.29 8.37 15.91
DABSSTD 6.02 2.89 3.99

" See Appendix C for definition of statistics
**Correlation coefficient
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Comparison of Data -- Long Time Period

After the simulation was completed, energy data from the Army's energy
monitoring project were examined for the same time period. This analysis
revealed a skewness of up to several hours in portions of the data. These
hourly data were recorded by the energy monitoring project in about 2-week
intervals, but the skewness could not be evaluated in each 2-week data period
because of the data collection procedure. Thus, comparisons of predicted vs
measured data were deemed valid only for intervals of 2 weeks or longer.
Hourly or daily comparisons could not be made. Predicted vs measured total
electrical consumption data for the period 15 March to 31 July 1980 is in
Table 4. Comparison results show that BLAST-predicted total building electri-
cal consumption for the entire simulation period: the predicted electrical
consumption is consistently too high throughout the simulation period. These
results agree with the results of the short-term simulation of the dental
clinic.

Predicted vs measured total gas consumption for the period 15 March to 31
July 1980 is in Table 5. BLAST-predicted total building gas consumption is
11.7 percent lower than measured total building gas consumption for the entire
simulation period. As the results for the comparisons by 2-week intervals
show, the predicted gas consumption is too low during the spring months and
too high during the summer months. This indicates that the part-load opera-
tion of the boiler is not as simulated by BLAST. The default part-load curve,
which was used to model the clinic's boiler, appears to underpredict the
boiler's gas consumption at high part-load operation, and overpredict the
boiler's gas consumption at low part-load operation.

Table 4

Dental Clinic Simulation -- Long Time Period
Electrical Data Comparison

Measured Predicted
Total Building Electrical (kWh) (kWh) % Difference

15 March to 31 July 175,738 194,390 10.61

15 March to 31 March 10,661 20,620 -93.42

01 April to 15 April 15,944 18,270 -14.59

16 April to 30 April 17,818 18,580 -4.28

01 May to 15 May 22,000 19,389 +11.87

15 May to 31 May 21,170 21,871 -3.31

01 June to 15 June 20,911 21,429 -2.48

16 June to 30 June 20,638 24,520 -18.81

01 July to 15 July 22,094 24,316 -10.06

16 July to 31 July 24,502 25,393 -3.64
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Table 5

Dental Clinic Simulation -- Long Time Period

Gas Data Comparison

Measured Predicted

Total Building Gas (kWh) (kWh) % Difference

15 March to 31 July 82,515 72,851 +11.71%

15 March to 31 March 11,501 14,650 -27.38%

01 April to 15 April 18,593 12,085 +35.00%

16 April to 30 April 13,420 11,322 +15.63%

01 May to 15 May 13,450 10,067 +25.15%

16 May to 31 May 11,316 7,823 +30.87%

01 June to 15 June 5,129 5,451 -6.28%

16 June to 30 June 3,071 3,760 -22.44%

01 July to 15 July 2,658 3,467 -30.44%

* 16 July to 31 July 3,376 3,956 -17.18%

Summary

BLAST predicted the energy performance of the dental clinic to within 10
to 12 percent. Because the energy consumption of the dental clinic is dom-
inated by the energy consumption of the HVAC equipment, these results indicate
that BLAST is accurately modeling the performance of the multizone fan system
and the chiller package. Even in the complicated case where the multizone
system is supplied with both heating and cooling, BLAST predicts the total
energy consumption to within 12 percent.

The load profile used to predict internal building electrical loads could
be revised to improve the accuracy of the BLAST prediction. Analysis of the
measured internal electrical consumption data, however, indicates that the
baseline internal building electrical consumption for nights and weekends
fluctuates irregularly. Thus, it would be very difficult to accurately
predict a single profile for the clinic's internal electrical consumption.
Because of the size of the facility, even small fluctuations in this demand
can cause relatively large errors in predicted vs measured data.

Improvements could be made in the input used to describe the dental
clinic's chiller package performance. The default full-load power ratio
adjustment curve as input to the BLAST program could be revised to more accu-
rately reflect actual chiller operation; also, the part-load ratio curve could
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be modified at the higher load conditions to more accurately reflect actual
consumption. (It would be difficult to accurately determine these parameters,
since the system did not operate at full load during the simulationtmonitoring
period.)

The actual part-load ratio curve for the boiler could be included in the
input to more accurately reflect the boiler's operation. Determination of
this curve would require detailed measurements of the boiler operation.
(These measurements could not be made during the detailed monitoring period,
since the hot water supply pump was out of service.)

Other revisions could be made to the simulation input deck to achieve
more accurate predictions; if exact input information is available, BLAST
should be able to accurately predict the building's energy consumption.
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4 ANALYSES AND FINDINGS -- BATTALION HEADQUARIERS AND CLASSROOM BUILDING

BLAST Input Deck

The first floor of the battalion headquarters and classroom building was
divided into nine simulation zones. These simulation zones corresponded to
the seven zones served by the building's multizone air handler and the two
zones served by the building's unit heaters (Figure 3). The basement floor of
the facility was modeled as a single zone served by a single zone draw-through
system (as shown in the as-built drawings). Zone geometries and construction
details of the walls, roof, floors, and ceiling were determined from the con-
struction drawings. The electrical load profiles for the building and the
peak building internal electrical demand were determined by analyzing data
supplied by the contractor (Figure 10). Peak electrical demand for each zone
was estimated from a disaggregation of the peak internal building electrical
demand. Building occupancy was letermined from occupant questionnaires. The
occupancy profile fo- the building was estimated by the contractor (Figure
11). Zone peak occupancy (estimated from building use patterns), zone ther-
mostat settings, and control profiles were determined from the contractor-
supplied data.

Information about the fan system was obtained from construction drawings,
the HVAC control diagrams, control specifications, and contractor-measured
data. Because this facility is supplied by a large central boiler/chiller
plant which serves many buildings, a mechanical plant was not simulated.

The basement HVAC system operation could not be simulated exactly. In
the actual system, the fan runs only when the outside air dry-bulb temperature
is below 25.560C. In the BLAST simulation, the fan runs whenever there is a
demand for heating. Thus, the BLAST model probably simulates the system for
more hours than the actual system operates.

The BLAST input deck for the battalion headquarters and classroom build-
ing is in Appendix B.

Computer Simulation -- Short Time Period

Actual weather data were obtained from the Army's energy monitoring pro-
ject for the period 1 August to 6 September 1978 and a BLAST simulation of the
battalion headquarters and classroom building was performed for this period.
The hourly data available from the simulation included total building boun-
dary, and internal building and fan system electrical consumption. BLAST also
predicted the building's hourly hot and chilled water consumption.

Comparison of Data -- Short Time Period

The results of the BLAST simulation are in Table 6. The prediction for
total building electrical consumption for the entire simulation period is 5.2
percent lower than the measured total building electrical consumption. The
correlation coefficient for the week of 6 to 12 August 1978 is 0.93.
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Table 6

Battalion Headquarters Simulation -- Short Time Period

Electrical Data Comparison

Measured Predicted

Total Building Electrical (kWh) (kWh) % Difference

1 August to 6 September 1978 20,952.9 19,910 +5.24

Total
Statistics (hourly)* Building
for 6 to 12 August 1978 Electrical

R** 0.93

DIFFFAVE (kWh) -0.89
DIFFVAR 5.06
DIFFSTD 2.25

PERAVE -1.16
PERVAR 78.71
PERSTD 8.87

DABSAVE 1.561
DABSVAR 2.619
DABSSTD 1.618

* See Appendix C for definition of statistics
***Correlation coefficient

Computer Simulation -- Long Time Period

While the short-term simulation was indicative of the accuracy of the
battalion headquarters and classroom building simulation model, comparison for
a longer time period, including both the heating and cooling season, was
desirable. Because the typical BLAST user does not have access to actual
onsite weather data for his/her simulation, it was decided to use weather data
from the closest National Weather Service recording station -- Colorado
Springs, CO. Energy data were available from the Army's energy monitoring
project for the periods 6 December 79 to 8 April 1980 and 23 Apr to 15 June
1980. (No data were available for the period 9 to 22 April 1980 because of an
instrumentation failure.) Weather data were obtained for Colorado Springs, CO
for the period 6 December 1979 to 15 June 1980, and using the battalion head-
quarters input deck, a BLAST simulation was performed for this period. The
simulation predicted the hourly total electrical consumption, which included
the building's internal and fan system electrical consumption, and the hourly
hot and chilled water consumption for the building.
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Comparison of Data -- Long Time Period

After the simulation was completed and the energy data from the Army's
energy monitoring project were examined for the same time period, several
problems were identified. The measured data were to have included hourly
building boundary electrical, hot water, and chilled water consumption data.
(The hot and chilled water consumption was determined by measuring the supply
and return temperatures and the mass flow rate of the water.) But because the
temperature instrumentation for the chilled water consumption measurement
failed, no data were available for chilled water consumption for the entire
period. However, as determined by a building survey, the chilled water supply
pump for the building was shut off during the entire simulation period; thus,
no chilled water was used by the battalion headquarters during the simulation
period.

Analysis of the measured hot water data revealed that the building's hot
water energy consumption was measured inaccurately. During the heating sea-
son, the hot water mass flow rate to the building should be more or less con-
stant. But as Figure 12 shows, the measured hot water mass flow rate varied
sporadically during the heating season. Figure 13 shows that the hot water
supply temperature varied during the same period. These variations caused the
measured hot water energy consumption to be less than the actual consumption.
Because the hot water supply temperature is reset according to the outside air
dry-bulb temperature, it is difficult to determine the magnitude of the error
in the measured data. However, analysis of the data for the 6th, 7th, and 8th
of January 1980 shows that the measured data underaccounts for the hot water
energy consumption by 20 to 30 percent.

Analysis of the measured electrical consumption data revealed a skewness
in the hourly data. Hourly data were collected by the monitoring project in
about 2-week intervals; several hours skewness was identified in some of these
intervals. The skewness could not be evaluated in other 2-week periods
becaus# of the data collection procedure. Because of this skewness, only com-
parisons of predicted vs measured data for the total 2-week periods were
deemed valid. Hourly or daily comparisons could not be made.

Predicted vs measured building boundary electrical consumption is in
Table 7. Comparison results show that for the total simulation period, the
predicted electrical consumption is 10.4 percent higher than the measured
electrictal consumption. As the comparison for the 2-week intervals shows, the
predicted electrical consumption is consistently too high. Since detailed
measurements of electrical consumption data were not available, it was diffi-
cult to analyze the potential errors in the simulation. Two possible sources
of error were (1) a change in the building's use pattern, which would make the
internal electrical profile incorrect, and (2) the incorrect simulation of the
basement fan system. Either of these errors could have caused BLAST to over-
predict the building's electrical consumption.

Predicted vs measured building boundary hot water consumption is in Table
8. The comparison shows that for the total simulation period, the predicted
hot water consumption is 48.7 higher than the measured hot water consumption.
Because detailed measurements of hot water consumption for each individual fan
system were not available, it was difficult to determine the cause of this
error. A large percentage of this error (20 to 30 percent) could be the
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result of inaccurate measured data. As the 2-week data in Table 8 show,
agreement is much worse in the May to June period. This is probably caused by
the inaccurate simulation of the basement fan system. Thermostat settings in
the building that differed from those simulated and a multizone HVAC system
that operated differently from the one simulated could have also caused
disagreement.

Summary

BLAST predicted the electrical energy consumption of the battalion head-
quarters and classroom building to within 10 percent, but the BLAST input deck
could be revised to make its predictions more reliable. Because the build-
ing's electrical consumption is dominated by its internal consumption, a more
accurate internal electrical consumption profile could be developed. Since
the building is a battalion headquarters, however, it is occupied by a small
staff at night and on weekends. Analysis of the measured data has shown that
night and weekend electrical consumption is a direct function of the efforts
the night and weekend staff make toward energy conservation. Because of the
facility's size, this effect has a significant impact on the total electrical
consumption and makes the determination of a single internal electrical pro-
file for a long time period very difficult.

Revisions could be made to the fan system input deck to more accurately
reflect the fan system's electrical consumption, but it is probably impossible
to significantly improve the accuracy of the BLAST fan system electrical pred-
iction without revising BLAST's simulation capabilities to allow for an exact
simulation of the basement fan system.

The agreement between BLAST-predicted and measured hot water consumption
for this building was very poor (49 percent). Analysis of the measured data
reveals that a significant fraction of that error could be the result of inac-
curate measurement. Thus, it is impossible to determine exactly what revi-
sions (if any) are needed in the BLAST input deck.
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Table 7

Battalion Headquarters and Classroom Building Simulation -- Long Time
Period Electrical Data Comparison

Measured Predicted
Total Electrical Consumption (kWh) (kWh) % Difference

6 December 1979 to 8 April 1980
and 23 April to 22 July 1980 104,651 115,485 10.4

16 to 31 December 1979 8,041 10,190 26.7

1 to 15 January 1980 8,797 9,648 9.7

16 to 31 January 1980 9,689 10,483 8.2

1 to 15 February 1980 9,163 9,789 6.8

16 to 29 February 1980 8,379 8,961 7.0

1 to 15 March 1980 8,192 9,648 17.8

16 to 31 March 1980 9,713 10,342 6.5

1 March to 15 May 1980 9,683 10,135 4.7

16 March to 31 May 1980 9,195 9,791 6.5

1 to 15 June 1980 8,443 9,544 13.0

Table 8

* Battalion Headquarters and Classroom Building Simulation --
Long Time Period Hot Water Data Comparison

Measured Predicted
Total Hot Water Consumption (kWh) (kWh) % Difference

6 December 1979 to 8 April 1980

and 23 April to 22 July 1980 737,997 1,097,859 48.7

16 to 31 December 79 83,517 115,118 37.8

I to 15 January 1980 71,292 108,411 52.1

16 to 31 January 1980 84,375 138,574 64.2

1 to 15 February 1980 67,522 110,286 63.3

16 to 29 February 1980 66,827 88,233 32.0

1 to 15 March 1980 70,979 96,297 35.7

16 to 31 March 1980 81,059 107,995 33.2

1 to 15 May 1980 43,993 75,900 72.5

16 to 31 May 1980 28,730 62,170 116.4

I to IS June 190 21,586 39,856 84.6
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5 GENERAL RESULTS

The analyses described in Chapters 3 and 4 indicate that it is very dif-
ficult to compare predicted energy-use data obtained from an energy analysis
computer program with measured energy-use data. As discussed in Chapter 2, a
building's actual energy use is partially determined by factors which cannot
be accurately described to a computer analysis program. For example, the
occupant effects on lighting use, window and door openings, and thermostat
settings are highly variable over a long time period and cannot be defined for
a building without extensive monitoring. The actual operation of the HVAC
control system over a long time period is also very difficult to determine.

As the analyses in this report illustrate, obtaining consistent and reli-
able building boundary energy-use data is also difficult, especially if it is
necessary to measure hot and chilled water energy use. Building boundary
energy data are sufficient only for determining if the computer program's
total energy predictions are correct. To determine the accuracy of each por-
tion of the simulation, detailed measurements of each building component's
operation and energy use, including occupant effects, must be made. Outside
of a controlled laboratory environment, these measurements are extremely dif-
ficult.

Within these constraints, the agreement between the BLAST-predicted and
measured energy use for the two buildings analyzed during this study is very
ood. BLAST predicted the total energy consumption of the dental clinic
including electricity and gas consumption) to within 10 to 12 percent and the

electrical energy consumption of the battalion headquarters and classroom
*building to within 10 percent when accurate simulation models were used. How-

ever, this agreement can be improved only if an extensive monitoring effort
was undertaken for each building.
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6 CONCLUSIONS

1. To compare actual building energy use with energy use predicted by an
energy analysis computer program such as BLAST, accurate, concurrent hourly
measurements of weather data, energy-use data, occupancy-dependent parameters,
and equipment operating parameters must be obtained. These data are typically
very difficult to collect outside a laboratory environment.

2. Within the constraints of available, accurate measured data for the
typical Army buildings analyzed in this study, the BLAST energy analysis com-
puter program can successfully predict building boundary energy consumption,
including both electrical and gas consumption, to within 10 to 12 percent when
accurate input is made to the program.

3. BLAST can accurately predict electrical consumption of a chiller
package for the typical Army buildings analyzed in this study. The chiller's
predicted vs actual curve (Figure 13) confirms the validity of modeling cool-
ing components on an hourly time step. The chiller simulation actually models
the average performance of the component over the hour, while the real chiller
cycles during a much smaller time step. The predicted and actual curves show
BLAST's modeling validity and its sensitivity to changes in the part-load
ratios and full-load power of a chiller package.

4. When an energy analysis program such as BLAST is used to evaluate
design alternatives, most of the hard-to-define effects of building occupants
on building energy use are constant and therefore relatively unimportant.
When the program is used to predict the actual energy performance of a build-
ing, values for building geometry, materials, schedules, controls, and HVAC
systems must be precise and consistent and the effects of occupants on the
building's energy use must be carefully described to the program.
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APPENDIX A:

DENTAL CLINIC SIMULATION MODEL

Dental Clinic Simulation Model

I BEGIN INPUT?
2 RUN CONTROL: NEW ZONES,
3 NEW AIR SYSTEMS,
4 CENTRAL PLANTI

S UNITS(OUT3METRIC)1
6 TEMPORARY LOCATION: FT HOOD 2 (LATz31pLONG=97,#TZx6); END;
7 TEMPORARY DESIGN DAYSs
8 FT HOnD NINTER a (HIGHM32.LO#W20,EEKENOWB=20,DATE:=ZJAN),
9 FT HOOD SUMMER a (HIGMUI06,LOw.BC4e, 85,DATE21JULPRESa4OS,

to CLEARNESSa.95,EEKDAY)i END;
11 TEMPORARY SCHEDULE (ALL ZONES PEUPLE):
12 MONDAY THRU FRIDAY a (17 TO 07 - O.,.S,.94#,92,.79#.52,.S,.75,
13
1 SATURDAY THRU SUNDAY a (00 TO 2a - 0),
15 HOLIDAY a SUNDAY;
I END;
17 TEMPORARY SCHEDULE (CLINIC LIGHTS AND EQUIPMENT):
18 MONOAY THRU FRIDAY 2 (19 TO 07 - .34,.58,.98P.98*.98P.86,
19 .72,.91,.98,.95r,79, 0,.40),
20 SATURDAY THRU SUNDAY z c0 TO 24 .34),
21 HOLIDAY 2 SUNDAY;
22 END;
23 TE.PORARY CONTROLS (CLINIC CONTROLS):
24 PROFILES:
25 CONSTANT x (1 AT 66, 0 AT 68, -. 125 AT 70, -1 AT 140)1

26 SCHEDULES:
27 MONDAY THRU SUNDAY z (00 TO 24 - CONSTANT)o
28 HOLIDAY x SUNDAY;

* 29 END;
30 TEMPORARY WALLS:
31 EWALLI 2 (BRICK - FACE 4 IN,
32 CONCRETE - CEMENT MORTAR 1/2 IN,
33 CONCRETE - CEMENT MORTAR 1/2 IN,
34 CONCRETE - CEMENT MORTAR 1/2 IN,
35 CONCRETE - CEMENT MORTAR 1/2 IN,
36 C3 - 4 IN MW CONCRETE BLOCK,
37 81 - AIRSPACE RESISTANCE,
38 BUILDING BOARD - GYPSUM PLASTER I / 2 IN),
39 PWALLI a (BUILDING BOARD - GYPSUM PLASTER I / 2 IN,
40 81 - AIRSPACE RESISTANCE,
41 BUILDING BOARD - GYPSUM PLASTER I / 2 IN),
42 PWALL2 a (CO - 8 IN MM CONCRETE BLOCK,
43 81 - AIRSPACE RESISTANCE,
44 BUILDING BOARD - GYPSUM PLASTER I / 2 IN),
45 CPWALL a (Al - I IN STUCCO,
46 CIO - 8 IN NM CONCRETE,
47 El - 3 / 4 IN PLASTER OR GYP BOARD);
48 END;
49 TEMPORARY ROOFS:
50 ROOF1 a (E2 - 1/ 2 IN SLAG OR STONE,
51 E3 - 3/5 IN FELT AND MEMBRANE,
52 A3 - STEEL SIDING,

53 E4 - CEILING AIRSPACE,
S5 84 - 3 IN INSULATION,
SS ES - ACOUSTIC TILE),
5b CPCEIL B(FINISM FLOORING - TILE 1/16 IN,
57 CIO - 8 IN HW CONCRETE,
5e 81 - AIRSPACE RESISTANCE,
59 8 - 1 IN INSULATION);
60 SkO i

Note: The line numbers are NOT a part of the BLAST input requirements. They
have been added for convenience.
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b1 TEMPORARY FLOORS:
62 FLUORI = (82 - I IN INSULATION,
63 HI - AIRSPACE RESISTANCE,
64 CIO - 8 IN Hh CONCRETE,
65 FINISH FLOORING - TILF 1/IN IN),
66 CPFLOUn 2 (DIRT 12 IN);
67 Er4D;
68 TENPORARY DOORS:
69 %INDtON PANEL a (GLASS - HEAT ABSIRF'ING PLATE 1/ 2 IN,
70 INSULAT1ON -'CELLULAP GLASS 2 IN#
7t C3 - 4 IN Hh CONCHfIF HLOCK,
72 RUILDING BOARD - GYPSUM PLASTER I / Z IN);
73 ENO;
74 PROJlCT z "FT HOOD DENTAL CLINIC"$
79 LOCATION= F1 HOOD/
76 wEATI4E ]APE FROM 01 JUN 78 THRU 06 JUL 70;
77 GRUUND TEPPERATURES (62,61,62,b5,bB,71,/'e75,71,68,bS,62)
78 BEGIN RuILDING DESCRIPTION;

79 NORTH AXIS = 0.;
80 DIMENSIUNS, HEIGHTI = 4.;
81 CRAoL SPACE 1000 *CRAWL SPACE":
82 0RIGIN1(OpO,-2.S):
83 NORTH AXIS = 01
84 CRAWL SPACE CEILING:
85 STARTING At (Or02.5) FACING (180) CPCEIL (92 BY 102)0
86 SLAB ON GRADE FLOUR:
87 STARTING AT (0,102,0) FACING (180) LPFLUOR (92 OY 102)1
88 OASEPENT oALLSt
89 STARTING AT (0O00) FACING (180) CPHALL (92 BY 2.5),
90 STARTING AT (92,0,0) FACING (90) CPWALL (102 BY 2.5),
91 STARTING AT (92,102,0) FACING (0) CP%ALL (92 BY 2.5)p
92 STARTING AT (O,12,O) FACING (270) CPhALL (102 BY 2.5)1
93 END ZONE;
94 ZONE I "NURTH LAH":
95 ORIGINf(10,83PO)I
96 NORTH AXIS zO
97 EXTERIOR wALLS:
q8 STARTING AT (31,19.,0) FACING (0) fKALLl (31 BY HEIGHTI)
99 wITH WINDOWS OF TYPE SINGLE PANE TINTED VINPO
100 (6.66 BY 4.25) AT (10,0)
1ot NIIH DOORS OF TYPE tIN00h PANEL
102 (6.66 NY 0.0) AT (10,0)
103 hITH WINDOWS OF TYPE SINGLE PANE TINTED WINfDOw
I0 (3.33 NY 4.25) AT (27.5,0)

l05 WITH DOORS OF TYPE WINDOW PANEL
j0b (3.33 MY 0.0) AT (27.5,0)
107 wITH OVERHANGS (50 BY 3) AT (-10,HEIGHTI)i
108 PARTITIUNS:
109 STARTING AT (31,OO) FACING (90) PWALL2 (19. BY HEIGHTI),
110 STARTING AT (O0O,) FACING (180) Pl"ALLI (31 BY tEIGHTI),
IlI STARTING AT (0,1q.,O) FACING (210) VmALLI (19 BY HEIGHTII
142 ROOF31

113 STARTING AT (0O0pHEGHT)] FACING (180) ROOFI (31 BY 19.)l
114 FLOUR OIVER CRAWL SPACE:

Its STARTING AT (0,19.,0) FACING (180) FLI)ORI (3I HY 19.)1
44b PEOPLE x 0,ALL ZONES PEOPLE;
11T ELECTRIC EQUIPMENT m 100,4,CLINIC L.IGHTS ANU L011IPMENT1

I18 LIGHTS : S.73,CLINIC LIGHTS AND F(JUIrMINT$
119 CONTROLS : CLINIC CONTROLS, 104 HEATING, 15".1 COOLING;
120 END ZONE;
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121 ZONE 2 "NUkIH WEST LAHN"
122 OR I(;II: (0,83O)
1?3 NORH AXIS = 0;
124 EXTERTrR WALLSz
125 STARTING AT (0,0,0) FACING (180) ELAIL! (4 BY HEIGHTI)

126 WI1H OVERHANGS (7 BY 83) AT (-3,HEIGHT1)
127 %ITH NINGS (HEIGHTI BY 83) AT (0,b,
128 STARTING AT (Ol9pO) FACING (270) F"ALLI (19 BY HEIGHTI)

129 WITH OVERHANGS (108 BY 3) AT (-3,HEITHTI),
130 STARTING AT (14,t19O) FACING (0) LhALLI (14 BY HEIGHTI)
131 WITH WINDOWS OF TYPE SINGLE PANt TINTED WIN)IIW
132 (3.33 BY 4.25) AT (.5,4)
133 WItH DOOR OF TYPE hIlOW PANEL
134 (3.33 BY 4.0) AT (.5.0)
135 WITH OVERHANGS (60 BY 3) AT (-4?,HEIGH4TI)I
136 PARTITIONS:
157 STARLING AT (14t,.5,0) FACING (90) PhALLI (11.5 BY HEIGHTI),
138 STARTING AT (40,0) FACING (180) P'ALLI (10 BY HEIGHT1),
139 ROIIF i
140 STARTING AT (O0OHEIGHTI) FACING (IO) RnOFI (14 BY 19)1

141 FLOOR OIVER CRAWL SPACE:
142 STARTING AT (0,19#0) FACING (180) FLnuIl (14 BY 19)1
143 PEOPLE z 2,ALL ZONES PEOPLE;
14 LIGHTS z 2.18,CLINIC LIGHTS AND EgUIPPENTI
145 ELECTRIC EOUIPMENT a 6.82,CLINIC LIGHTS AND EQUIPMENT;

146 GAS EQUIPMENT = 5,CLINIC LIGHTS AND EQUIPMENT)
147 CONTROLS 2 CLINIC CONTROLS, 23.68 HEATING, 35.1 COULING;
148 END ZONE;
149 ZONE 3 "WEST OPER RMS"t
150 ORIGIN:(O,13,0)1
151 NORTH AXIS = 0.;
152 EXTERIOR WALLS:
153 STARTING AT (0,70,0) FACING (270) EAALLI (70 BY HEIGHTI)
154 WI7H WINDOWS OF TYPE SINGLE PANE TINTED WINDOW

155 (5 BY 8.9) REVEAL (3.67) AT (.5,0,05)
* 156 WITH OVERHANGS (87 BY 3) AT (-16,HEIGHTI)

157 WITH WINOOWS OF TYPE SINGLE PANE TINTED WINDOW
158 (6.66 BY 4.25) AT (13,4)
159 WITH DOORS OF TYPE WINDOW PANEL
160 (6.66 BY 4.0) AT (13,o)
161 WITH WINDOWS OF rYPE SINGLE PANE TINTED WINDOW
162 (6.66 BY 4.25) AT (33,4)
163 )WITH DOORS OF TYPE WINDOW PANEL
164 (6b.66 BY 4.0) AT (33,0)

165 WITH WINDOWS OF TYPE SINGLE PANE 1INTED WINDOW
166 (6.66 BY .25) AT (53,4)
167 WITH DOORS OF TYPE WINI)DO PANEL
268 (6.66 BY 0.0) AT (53,0)i

169 PARTITIONS:
170 STARTING AT (0O,O) FACING (IRO) PhALLI (19 H HEIGHTI).

171 STARTING AT (19,50() FACING (90) PwALLI (59 BY HFIGHTI),
172 STARTING AT (19,70,0) FACING (0) PnALLI (19 NY HEIGMTI)I
173 ROOFS:
174 STARTING AT (O,0,HEIGHTI) FACING (180) ROOFI (19 BY 70)I
175 FLOUR OVER CRAWL SPACE:
176 STARTING AT (0O70,O) FACING (180) FLOIT)I (19 BY 70)l
177 PEOPLE a 1I,ALL ZONES PEOPLLI
178 LIGHTS 2 7.14CLINIC LIGHTS AND EOUJIPPENT1
179 ELECTRIC EJUIPMENT 2 3.01,CLINIC LIGHTS AND EQIJIPMFNTI

ISO CONIRULS 2 CLINIC CONTROLS, 117 HIATIfJ,, 113.7 COOLINGI
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181 t1D ZIINFI
1R2 ZOAE 4 "LOCKER M5"3

184 NORTH AXIS c 0.;

185 pART I TIONS:
18b STARTING AT (0,0,0) FACING (1 0) P'%ALLl (13 14 Y 1FIGHTI),
187 STARTING AT (13P0O) FACING (90) PnALLI (59 MY HEIGHTI),
188 STARTING AT (13,59,0) FACING (0) PhALLI (13 BY HEIGHI I)e
189 3TARTING AT (0,59,) FACING (270) PAALLI (59 NY HLIGHTI);

190 ROOF 9 1
191 STARTING AT (OrOHEIGHTI) FACING (IO) R)lOFI (13 BY 59);
192 FLOOR OVER CRAAL SPACES

193 STARTING AT (0,59,0) FACING (180) FLOOIJi (13 HY 59);
190 PEOPLE 2 2,ALL ZONES PEOPLEP
195 LIGHTS = 3.96,CLINIC LIGHTS AND EQUIPAtFN11
19t ELECTRIC LUUIPMENT z 0,CLINIC LIGHTS AND EWUIPMENTt

197 CONTROLS 2 CLINIC CONTROLS, 44., HEATING, 6S.8 COOLINGI
198 ENO IONF f
199 ZONE 5 "1 IIHRARY CONF 1MS":
200 IRIG 1(31p07,P0)P
201 N)RTH AXIS a 03
202 PARTItIONS:
203 STARTING AT (0,0,0) FACING (180) PWALLI (6 BY HLIGHTI),

200 STAR4TING AT (6,0,0) FACING (90) PWALLI (3 BY HEIGHTI),
205 STARTING AT (6,3,0) FACING (180) P6ALLI (12 BY IIEIG-ITI)p

206 STARTING AT (1830O) FACING (90) PIALLI (29 BY HEIGHTI),
207 STARTING AT (18,36,0) FACING (0) PhALLI (30 BY HEIGHTI),

208 STARTING AT (-12,36,0) FACING (270) PALLI (6 BY HEIGHTI),
209 STARTING AT (-12,30,0).FACING (180) PWALLI (12 BY NEIGHTI),
210 STARTING AT (O,30,O) FACING (270) PMALLI (30 BY HEIGHTM)I
211 ROOFS.
212 STARTING AT (0,0,HEIGHT1) FACING (180) ROOFi (6 BY 3),
213 STARTING AT (0,3,HEIGHTI) FACING (18n) ROOFI (18 BY 33),
214 STARTING AT (-12,30,HEIGHII) FACING (180) ROOFI (12 BY 6)1

215 FLOURS OVER CRAWL SPACE:
216 STARTING AT (0,3,0) FACING (180) FL[IORI (6 BY 3),
217 STARTING AT (O,36,0) FACING (180) FLOURI (18 MY 33),
218 STARTING AT (-12,36,0) FACING (180) FLOOR! (12 HY 6)1
?19 PE11PLE z 4,ALL ZONES PEOPLE;
220 LIGHTS 2 3.28,CLINIC LIGHTS AND EUUIPPLNI;
221 ELECTRIC EQUIPMENT = 3.01,CLINIC LIGHTS AND EQUIPMENTI
222 CUNTRIJLS a CLINIC CONTROLS, 29.3 HEATINI, 43.4 COOLING;
223 END ZONEI
220 ZONE b "wAITING ROom":
225 ORIGIN:(I19I3,0)3
226 NORT4 AxIS = 0.1
227 PARIITIONS:
228 STARTING AT (0,0,0) FACING (180) PVAILI (02 BY HEIGHTI),

229 STARTING AT (02,5.5,0) FACING (0) PWALLI (12 BY HEIGHT!),
230 STARTING AT (30,5.5,0) FACING (90) PHALLI (31 MY HEIGHT!),
231 STARTING AT (30,36.5,0) FACING (0) Pv-ALLI (12 BY HEIGHT!),
232 STARTING AT (18,36.5,0) FACING (27o) PHALLI (3 NY HEIGHTI),
233 STARTING AT (18,33.5,0) FACING (0) PWALLI (6 MY HEIGHTI),
234 STARTING AT (12,33.5,0) FACING (270) PWALLI (28 BY HEIGHTi),
235 STARTING AT (12,%.5,0) FACING (0) PVWALLI (12 OY HEIGHT|)l
236 ROUFS:
2317 STARTING AT (0,OHEIGHII) FACING (180) ROOF (Q2 13Y 5.5)p
238 STARTING AT (12,5.SHEIGHITI) FACITO; (18O) RUOFI (I BY 28),
239 S1ARTING AT (18,33.5,HEIG14TI) FACIN6, (IMO) ROUF! (12 HY 3)1
240 FLOORS OVER CRAWL SPACES
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241 STAPrING AT (0#5.5#0) FACING (180) FILIUHI (452 BY 5.5),
242 S1ARTING AT (120,335v0) PACING (180) FLOi0RI (19 AV 28)p
243 STARTING AT (15,36.5,01) PACING (180) FLOORI (12 RY 3)1
244 PEOPLE 2 31,ALL ZONES PEOPLE;
245 LIG.HTS 22.7SPCLINIC LIGHTS AND EUUIP#PENI5
246 ELECTRIC E~UUPMENT z 1.82,CI INJC LIGHTIS AND EOUIPMENT1
2'J7 CONTRUIS = CLINIC CONTROLS, 48.b HEATING,, 72.0 COOLING1
24A END ZONES
249 ZONE 7 "RECORD)S AND SUPPLY":
250 ORIrIGL:('9,18.5,0)p
251 NORTH AXIS s .

252 PAR7ITIIJNS:
253 STARTING AT (0,0,0l) FACING (180) PALLI (12 BlY HFIGHTI),
254i STAWlING AT (12,0,0) FACING (90) PIALLI (45 BY HEIGHTI),
255 STARTING AT (12,45,0) PACING (180) PWALLI (6 BY HEIGHTI),
256 STARTING AT (18,45,0) FACING (90) PNALLI (13 BY HEIGHTI),
257 STARTING AT (18,58,0) FACING (180) PKALLI (7 BY IEIGNTI),
258 STARTING AT (25,60.5,0) FACING (0) PAALL2 (25 BY HEIGHTI),
259 STARTING AT (0,64.S,0) FACING (270) PWALLI (64.5 BY HEIGHTI)P
260 ROOPSI
261 STARTING AT (0v,HLIGNTI) FACING (180) ROOF1 (12 BY 64,5)e
262 STARTING AT (12,45&HEIGHTI) FACING (180) ROOFI (6 By 16.5),
263 STARTING AT (18*56,HEIGHTI) FACING (180) ROOF1IT( By s.5)l
264 FLOURS OVER CRAWL SPACE:
265 STARTING AT (0,64.5,0) FACING (180) PLOIIRj (12 BY 64.5),
266 STAR7ING AT (12,64.5,0) FACING (180) FLOORI (6 13Y 18.5),
267 STARTING AT (18#64.5,0) FACING (180) FLOORI (7 13Y 5.5)#
268 PEflPLE = 7,ALL ZONES PEOPLE1
269 LIGHTS = 4.57,CLINIC LIGHTS AND EQUIPM'ENT;
270 ELECTRIC EQJUIPMENr z 3.41,CLINIC LIGHTS AND) EQUIPMENT$
271 CONTROLS z CLINIC CONTROLS, 51.6 HEATING, 76.4 COOLING1
272 ED ZONE;
273 ZONE 8 -XHAY"1
274 (.)RI(IN1 (61,13,0)l
275 NOjRTH AXIS a 0.1
27is PARTITIONS:
277 STA1RTING AT (0,0,0) PACING (180) PKALLI (16 BY HEIGHTI),
278 STARTING AT (16,0,0) FACING (90) PhALLI (b9 BY HEIGHTI),
279 SrARTINrG AT (16,69,0) PACING (0) PIMALL2 (45 1Y HEIGHTI),
280 STAWTINGw AT (12,64,0) FACING (0) PNALLI (7 BY HETGHTI),
281 STARTING AT (5,64,0) FACING (270) PmdALLI (14 BY HEIGHTI),
282 STARTING AT (5,50,0) FACING (0) PhALLI (5 BY HEIGHTI),
285 STARTING AT (0,50,0) FACING (270) POALLj (45 BY HEIGHTI)
284 ROOFS:
285 STARTING AT (0,0,HEIGHTI) FACING (190) RooFI (16 BY 50),
286 STARTING AT (SP50,HEIGHTI) PACING (1(0 ROOFI (11 BY 14)
287 STARTING AT (12#64,HEIGHT1) FACING; (160) RIIOFI (4 NY 5)l
288 FLOORS OVER CRAWL SPACEs
289 STARTING AT (0#50#0) FACING (180) FLOIURI (16 NY 50),
290 STARTING AT (5,64,0) FACING (180) PLOORI (11 NY 14)
291 STARTING AT (12,b9,0) FACING (180) FLUURI (4 11Y 5)l
292 PEOIPLE 5,SALL ZONES PEOPLE;1'293 LIGHTS 2 3.96,CLINIC LIGHTS AND EQUIPMLNIJ
294 ELECTRIC EQUIPMENT v 28.07,C'.INIC LIGHTS ANDl EQUIPMENTS
295 CONTROLS z CLINIC CONTROLS, 48.3 HLATINGr 71.6 CUOLI'SG
296 END ZONE;
297 ZONE 9 "SOUTH OPER RMS"I
298 (IRIGIN: (0p,,)s
299 NIRfTH AXIS = 40.1
30o EXTERIOR hALLS,
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301 STAR ING AT (n000) FACING (1(40) U.,ALL1 (92 BY Hi I rTI)

302 1 IH WINI)OWS O)F TYPE SINGLE PArN, I I 0TED OVIr I)OW
303 (b,66 BY '4.?5) AT (9,O)
304 ATTH DOORS IF TYPf KIN0I

, 
PANEl.

305 (6.66 BY '.0) AT (Ql))

306 wiTH WINDOWS OF TYPE SINGLE PANT TINTED WINO(jA

301 (h,66 NY £.25) AT (28,0)

308 WITH DIRS OF IYPE V[1OO PANEL

309 (6.66 BY U.0) AT (28,0)

310 tItH WINDOWS OF TYPE SINGLE PAN- 111TFO WINI)W

311 (8 BY 8.9) REVEAL (4) At (42,.)5)

312 WlITH OVU.HANGS (98 14Y 3) AT (-3,HFIGHTI)

313 AITH WI1NDOWS OF TYPE SINGLE PANE TINIfn WINDOW
314 (6.66 BY 4.25) AT (58,4)

315 WiTH DOORS OF TYPE V.INUO, PANEL

316 (6.66 MY 4.0) AT (5b,O)

317 0ith WINOOWS (IF TYPE SIN;LE PANE TINIED vlNflOWA

318 (6.66 BY 4.25) Ar (18,4)

319 wITH DUURS OF TYPE WINDOW PANEL

320 (6.66 BY 4.0) AT (78,0),

321 STARTING AT (92,0,0) FACING (90) F,ALLI (13.5 BY HEIGHTI)

322 WIIH OVERHANGS (i0 nY 3) AT (-i,t'E IGHTI),
323 STARTING AT (0,13.5,0) FACING (270) t'mALLI (13.5 HY HEIGHTI)
3 4 NITH OVFRHANGS (100 MY 3) AT (-93.5,HEIGHTI);

325 PARTItIloS:
326 STARTING AT (92,13.5,0) FACING (0) PWALLI (92 NY HEIGHTI);
327 ROOFS:
328 STARTtNG AT (OeOHEIGkTI) FACING (IMO) H OFI (92 13Y 13.5)1

329 FLOOR OVER CRAWL SPACEI
330 STARTING AT (0,13.S,0) FACING (180) FLIURI (92 BY 13.5)l

331 PEOPLE a I1,ALL ZONES PEOPLE;

332 LIGHTS Z 9.2&,CLINIC LIGHTS AND FQOUTPFNTJ

3 3 ELECTHIC EQUIPMENT 8 3.41,CLINIC LIGHTS ANI, EQUIPMENT,
334 CUNINIILS a CLINIC CONTRULS, 130.9 HEATINI., 194.0 CUOLINGI
335 END ZuNFf
336 ZONE 10 "EAST OPER RMS":
337 ORIGINI(77,13,0)1
339 NORTH AXIS = 0.1
339 PARTIII)NSt
340 STARTING AT (0,0,0) FACING (180) vAatLl (15 MY HEIGHTI),

341 STARTING AT (0,70,0) FACING (270) PWhLLI (70 NY EIGHTI),

342 STARTING AT (15,7ft,0) FAC NG (0) PYALL2 (15 BY HEIGHTI);
343 EXTERIOR VALLSI
344 STARTING AT (15,0,0) FACING (90) LIALLI (70 BY HEIGHTI)
345 WITH WINDOWS OF TYPE SINGLE PANE IINIED WINDOw

346 (6.66 BY 4.25) AT (12,4)
347 WITH DOORS OF TYPE WINUV PANEL

348 (6.66 NY 4.0) AT (12,0)
349 WITH WINI)OWS OF TYPE SINGLE PAN TINTED WINDOW
350 (6.66 BY 4.25) AT (32,4)
351 WITH DOORS OF TYPE WINDOW PANEL

352 (6.66 BY 4.0) AT (32,0)

353 WITH WINDOWS OF TYPE SINGLE PANt TINTED WINNOW
354 (6.bb BY 4.25) AT (-)1,4)
355 WITH DOORS OF TYPE WINDOW PANEL
356 (6.66 BY 4.0) AT (51,0)
357 WITH WINDOWS OF TYPE SINGLE PANf TINTED WIN)DOW
358 (5 NY A.9) REVEAL (3.67) At (65,0)
359 WITH IVERHANGS (76 NY 3) AT (-3,IltIGHIlI
360 ROO)FS:

42

"l I



361 STARTING AT (OOPHEIGHTI) FACING (180) RUOFI (15 BY 7025
362 FLOUR OVER CRAWL SPACES
363 STARTING AT (O,70,0) FACING (180) FLnoRI (15 BY 70)1
364 PEOPLE : 8vALL ZONES PEOPLE;
365 LIGHTS 2 6,41#CLINIC LIGHTS AND EQUIPMENTI
366 ELECTRIC EQUIPMENT = 3.4jCLINIC LIGHTS AND EQUIPMENT;
367 CONTROLS z CLINIC CUNTRqLS, 122.7 HEATING# 181.9 COOLING;
368 END ZONES
369 END BUILDING DESCRIPTIONS
370 BEGIN FAN SYSTEM DESCRIPTION;
371 MULTIZONE SYSTEM I "MAIN FAN SYSTEM." SERVING ZONES Io2,3*4,56,7,6,9pI0
372 FOR ZONE It
373 EXHAUST AIR VOLUME 2 1000;
374 SUPPLY AIR VOLUME c 17840
375 END;
376 FUR ZONF 21
377 SUPPLY AIR VOLUME a 406;
378 ENDS
379 FOR ZONE 3:
380 SUPPLY AIR VOLUME 2 20109
381 END;
382 FOR ZONE ':
383 ExHAUST AIR VOLUME 6001
384 SUPPLY AIR VOLUME z 761P
385 ENDS
388 FOR ZONE 5:
387 SUPPLY AIR VOLUME 2 502;
388 ENDS
389 FOR ZONE 6:
390 SUPPLY AIR VOLUME 8331
391 END;
392 FOR ZONE 71
393 SUPPLY AIR VOLUME 8 884P
394 ENDS
395 FOR ZONE 8:

* 396 SUPPLY AIR VOLUME = 829;
397 END;
398 FOR ZONE 9:
399 SUPPLY AIR VOLUME 2 2451
400 END;
001 FOR ZONE 10:
402 SUPPLY AIR VOLUME a 21051
403 ENDS
404 OTHER SYSTEM PARAMETERS:
405 SUPPLY FAN EFFICIENCY 2 .381
406 HOT DECK CONTROL z OUTSIDE AIR CONTROLLED;
407 HOT DECK CONTROL SCHEDULE = (120 AT If)# 80 AT 70)1
408 COLD DECK CONTROL z FIXED SET POINT;
409 COLD nECK TEMPERATURE x 60.1
10 COLD DECK THROTTLING RANGE • 51

411 MIXED AIR CONTROL 2 FIXED AMOUNTS
412 OUTSIDE AIR VOLUME a 41140
413 ENDS
414 COOLING COIL DESIGN PARAMETERS:
415 COIL TYPE c DXI
416 ENIERING AIR DRY BULR TEMPERATURE 2 P7.,l
417 ENTERING AIR NET BULB TEMPERATURE ?0.3j
418 LEAVING AIR DRY BUILH TEPPERATURE a 61.1
A1 LEAVING AIR wET BULH TEMPERATURE z Sq.;
420 AIR FACE VELOCITY 3 S14.6;
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'621 AIR VOLUME FLU4 14A1E x1516of
4622 HARnMETRIC PREMPF~ 40~51
423 LEAVING REFRIGERANT TEMPEPATURfe!5.1
1624 ENTERING REFRIGERANT TEMPERATURE 2 4S51
4125 TOTAL COOLING LOAD a 600;
1126 NUMBER OF TUBE CIRCUITS-Po'
£627 ENDI
46 DX CONDENSING UNIT PAdRAMETERSt
4629 RPWRCO(.11034928r,.21287191,.39339193)I
£630 DESIGN SATURATED SUCTION TEMPERATUREzIOI
431 DESIGN SATURATED CONDENSING TEMPERATUIkE2I301
4132 DESIGN FULL LOAD P04ER RAIIOX.31IF
'633 Dw CONDENSING UNIT CAPACTTYv6onl
414 END UX :OMOEN5ING JFNII lAAF~~
4635 END Sr3IEMi
4136 END FAN SYSTEM DESCRIPTION;
£637 BEGIN CENTRAL PLANT DESCRIPTION1
438 PLANT 1 "OIaLER ONLY" SERVING ALL SYSTEMS?
£639 EQUIPMENT SELECT hTNl
440 1 SUILER OF ZITZE 100;
4411 END EQ~UIPMENT SELECTION1
4112 END PLANTS
£613 END CENTRAL PLANT DESCRIPTION;
4111 ENO INPUT$
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APPENDIX B:

BATTALION HEADQUARTERS AND CLASSROOM BUILDING SIMULATION MODEL

Battalion Headquarters and Classroom Building Simulation Model

I BEGIN INPUT;
2 RUN CONTROL : NEW ZONES, NEW SYSTEMS, PLANT#
3 UNITS(INcENGLISHOUTxENGLSH)
4 REPORTS (ZONE LOAOSSYSTEM LOADSCOIL LOAOSSYSTEMrPLANT LOADS#
S 38);
6 DEFINE LOCATION:

7 FT CARSON 2 CLAT238,75,LONGU1O.5,TZ7);
S ENDI
9 DEFINE DESIGN Dkv l

10 FT CARSSD'SUMMER x (HIGH.9aLOWM6lNBaS9DATEU2IJUL.WEEKDAYPRESu390)
it FT CARSON WINTER x (HIGHa10.LOvi2,mB6a2.DATEu21JANMEEKENDPRESX390);
12 ENDI
13 TEMPORARY WALLS
14 wALL a (SRICK - FACE a IN#
is AIRSPACE - VERTICAL.
16 CS - 6 IN Nh CONCRETE SLOCK)i
17 vALLla (El - 3/4 IN PLASTER OR GYP BOARD,
18 AIRSPACE - VERTICAL,
19 El - 3/4 IN PLASTER OR GYP BUARD).
20 ,vALL2% (C8 - 8 IN H" C)NCRETE eLOCK);
21 END;
22 TEMPORARY ROOFS:
23 ROOF (E2 - I / 2 IN SLAG OR STONE,
24 E3 - 3 / 8 IN FELT AND MEMBRANE,
25 86 - 2 IN DENSE INSULATION,
26" A3 - STEEL SIDING.
27 #36 - 2 IN DFNSE INSULATION,
28 E4 - CEILING AIRSPACE#
29 E5 - ACOUSTIC TILE);
30 END;
31 TEMPORARY CONTROLS (ADMIN COOL AND NEAT):
32 PROFILES:
33 CANON X (I AT 74, 0 AT 76., -0 AT 78)1
34 SCHEDULES:
35 MONDAY THRU SUNDAY a (00 TO 24 - CANOH),
36 HOLIDAY 8 SUNDAY;'

* 37 END$
36 TEMPORARY CONTROLS (ADMIN H ONLY):
39 PROFILESS
40 "ONLY X (I AT 74, 0 AT 76)1
41 SCHEDULES:
42 MONDAY THRU SUNDAY x (00 TO 24 - HONLY),
"3 HOLIDAY a SUNDAY;
44 END;
a5 TEMPORARY SCHEDULE (ADMZN OFFICE OCCUPANCY))
46 SATURDAY THRU SUNDAY 9 (00 TO 24 - .2)p
47 MONDAY THRU FRIDAY a (17 TO 06 - .,06 TO 08 P5.06 TO 12 - 1.0,
a8 12 TO 13.- .67,13 TO 17 1 1);
49 ENDI
so TEMPORARY SCHEDULE (ADMIN CLASSROOM OCCUPANCY):
st SATURDAY THRU SUNDAY X (00 TO 24 - 0.)p
52 MONOAY THRU FRIDAY a (11 TO 09 - O.09 TO 11 - 1.);
53 END;
S4 TEMPORARY SCHEDULE (OA VENT):
55 SUNDAY TMRU SATURDAY X (00 TO 24 - .5);
Sb END;

57 TEMPORARY SCHEDULE (OFF),
s8 SUNDAY THRU SATURDAY 0 (00 TO 24 - 0)P
S9 END;
60 TEMPORARY SCHEDULE (ADMIN LIGHTS):
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, q

61 MONDAY I14RJ FRIDAY (20 1( 07 - ,49,.650 O' 10 8 - Ie.,82,.63)v
62 SATURDAY 114LJ StINOAY a (00 TO 24 - .49),
63 HULIDAY 2 SUNDAY$
64 END;
65 PROJECT r "A0IN HUILDING"I
66 GROONI) TEMPERATURES z (50,52,%p4,S6bO, qh,529,666258,54)p
67 ViqATIIER FAPE FRUM 06 DEC TH994 23 JULI
68 LOCATION 2 FT CARSONi
69 BEGIN RUILOING DESCRIPTION;
70 NORTH AXISxO.1

71 DIMENSIUNS: Hi=10.7S;
72 ZONE 101 "SIURAGE A":
73 ORIGIN (0,0,0)5
74 NURTH AXIS = 05
75 RUUFS
76 STARTING AT (0,0,9H) FACING (180) ROOF (41 BY 771
77 SLAP ON GRADE FLOURS
78 STARTING AT (O77,0) FACIrNG (180) FLOOR SLAM 4 IN (41 BY 77)1
79 EXTERIOR WALLSS
80 STARTING AT (0O0) FACING (180) WALL (41 BY HI),
8t STARTING AT (41,77,0) FACING (0) WALL (41 BY HI),
82 STARTING AT (O,77,0) FACING (270) WALL (77 flY HMl
83 ARIITI(JNSS
84 STARTING AT (41,O,0) FACING (90) WALL1 (77 BY HI)i
85 LIGHIS z 16.59,AOMIN LIGHTS$
86 PEOPLE z 7AnOMIN OFFICE OCCUPANCYp
87 ONTROLS a ADMIN H ONLYI

98 ENO ZONE;
89 ZONE IJ "OFFICE A"
90 ORIGIN:(O,00)1
91 NORTH AXIS 2 0.;
92 ROOFs

* 93 STARTING AT (00,9HI) FACING (180) RWIF(17 BY 10),
94 STARTING AT (17,0,9H) FACING (180) ROOF (13 BY 19),
95 STARTING AT (30,OH, ) FACING (180) ROOF (268 BY 28)f
96 SLAB UN GRADE FLOORS
97 STARTING AT (OIOO) FACING (180) FLOOR SLAB 4 IN (17 BY 1),
98 STARTING AT (17,19,0) FACING (180) FLOOR SLAB 4 IN (13 BY 19),
99 STARTING AT (30,280) FACING (180) FLOOR SLAB 4 IN (28 BY 28)1

100 EXTERIOR AALLSS
101 STARTING AT (0#0,0) FACING (180) WALL (59 BY HI)
102 vITH WINOOtS OF TYPE SINGLE PANE WITH BLINDS
103 (5.33 BY HI) AT (5,0) AND (2bO) AND (51#0)p
104 STARTING AT (58,0O0) FACING (90) WALL (20 BY HI)f
105 PARTITIONS:
106 STARTING AT (58,20*0) FACING (90) WALL (8 BY t),
101 STARTING AT (58,28,0) FACING (0) WALLI (28 BY HI,
108 STARTING AT (30,28v0) FACING (270) WALLI (9 BY HI)
109 STARTING AT (30 19O) FACING (0) WALLI (13 BY Hi),
110 STARTING AT (17,19,0) FACING (270) AALLI (9 BY HI),
III STARTING AT (17,10,0) FACING (0) wALLI (17 BY HI),
112 STARTING AT (0,100) FACING (270) 4ALLI (10 BY HI);
113 LIGHTS : 6.26,ADMIN LIGHTS5
114 CONTROLS s ADMIN COOL AND HEAT;
ItS PEOPLE z.'IADMIN OFFICE OCCUPACY;
116 END ZONES
11? rUN 3 "CONFERENCE A"l
l11 ORI(;GN$(41, 10,0)3
119 NORT4 AX|S=0
1PO WOIF:
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121 StrATI[NG AT (OPOPHIJ FACING (18)) RUF (17 BY 9),
122 STAWTIN(; AT (0#9H1) FACING (180) HU.IF (30 BY 14);
123 SLAH 011 t;RAtoE FLOORt
124 StAktING AT (O,9O) FACING (180) FLOOR SLAB 4 IN (17 BY 9),
125 STAWTING AT (O,23,0) FACING (180) FLOOR SLAB 4 IN (30 BY 1)J
126 PANIITIOiSt
127 5TARTING AT (OOO) FACING (180) A ALL1 (17 MY HI),
128 STARIINyG AT (17,OO) FACING (90) 4ALLI (9 BY HI),
129 STARTING AT (17,9,o) FACING (180) WALLI (13 BY HI),
130 STARTING AT (30,9#0) FACING (90) 4ALLI (14 BY HI),
11 STARTING AT (30,23#0) FACING (0) WALLI (30 BY HI),
132 STARTING AT (0,23,0) FACING (270) wALL! (23 HY HI);
133 LIGHTS = 2.79,ADMIN LIGHTS1
134 CU TROLS = ADMIN COOL AND HEATO
135 PEOPLE : 2,AOMIN OFFICE OCCUPANCY,
136 END ZUNFS
137 ZONE I "CLA3SROOt A"$
138 ORIGIN: (41,40,O)P
139 NORT14 AXIS a O
140 RI)IFI
141 STARTING AT (OOH1) FACING (180) RUOF (70 BY 37)F
142 SLAB ON GRADE FLUOR:
143 STARTING AT (037,O) FACING (180) FLnIIR SLAB 4 IN (70 AY 37)1
144 PARTITIOJS:
145 STARIING AT (OOO) FACING (180) WAL(1 (70 MY HI),
146 STARTING AT (70,0#0) FACING (90) WALL2 (16 BY HI),
147 STARTING AT (0.37,0) FACING (270) WALLt (37 RY H;i/
148 EXTERIOR WALLSt
149 STARTING AT (7037O) FACING (0) WALL (70 BY MI)
15o WALLS TO UNCOOLED SPACES:
151 STARTING AT (70,16,0) FACING (90) WALL2 (21 BY H2);
152 LIGHTS = 13.54pAOMIN LIGHTS;
153 CONTROLS z ADMIN COOL AND HEATI
154 PEOPLE z 25,ADMIN CLASSROOM OCCUPANCY;

* 155 END ZONE,
156 ZONE 2 "HALLWAY"I
157 ONIGIN3(Al133,O)l
Is NORTH AXIS z O
159 ROOF:
160 STARTING AT (70,7,H1) FACING (160) ROOF (38 BY t8),
161 STARRING AT (O,OHI) FACING(IB0) ROOF (30 BY 7),
162 STARTING AT (30,-5HI) FACING (180) ROOF (28 BY 12),
163 STARTING AT (58,-13,1t) FACING (180) ROOF (62 BY 20),
164. STARTING AT (20,-5,1Hl) FACING (180) ROOF (28 BY 12),
165 STARTING AT (I48,O,HI) FACING (180) ROOF (30 BY 7)
166 SLAB ON GRADE FLOORs
161 STARTING AT (70,25,O) FACING (180) FLfOR SLAB 4 IN (38 BY 18)v
168 STARTING AT (0,7,0) FACING (180) FLIOOR SLAB 4 IN (30 BY 7),
169 STARTING AT (30,7,0) FACING (180) FLOOR SLAB 4 IN (28 BY 12),
170 STARTING AT (56,7,O) FACING (180) FLOOR SLAB 4 IN (62 BY 20),
171 STARTING AT (120,7,0) FACING (180) FLOOR SLAB 4 IN (26 BY 12),
172 STARTING AT (148,7,0) FACING (180) FLOOR SLAM 4 IN (30 BY 7)
173 EXTERIOR WALLS:
174 STARTING AT (SAP-13#0) FACING (180) %ALL (62 MY HI)
175 wALLS TO ONCOOLED SPACE:
176 STARTING AT (108,25,0) FACING (0) WALL2 (38 BY HI);
177 CONTROLS 2 ADidiN COOL AND HEAl;
171 PEOPLE z 1,AMIN OFFICE OCCUPANCY;
179 END ZVNE;
tAn zINk ' "5 OFFICE H":
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lt1 ONIGIN: ( 3 O,), ) I
112 14URi4 AxIS=n0
S13 RIlF
184 STARTING AT (0.nvI) FACING (180) HI0 (?A NY ?8),
185 START| NG AT (28,0,0 ) FACING (80) i(1i(F (11 ON 19),

186 SIA10TtOG AT (41 ,0,Hi) FACING (180) k00iF ( 7 4N 1(91);
187 FLOOR:
188 SIAN) NG AT (0,26p0) FACING (180) FL011R39 (28 BY 28),
189 STARTING AT (26,19,0) FACING (180) FL(UR39 (13 BY 19),

190 STARTING AT (4110,0) FACING (180) FLOOH39 (17 BY 10))
191 EXlERIO|R 'ALLSV

192 jA1QIING AT (0.,0) FACING (180) NALL (58 BY HI)

193 411'H WINt)OS OF TYPF SINGLE P'JT. oITH PLINDS
194 (5.S33 Y HI) AT (1,67,0) AND (I?#()) AND (48,)p

Iq5 STARTING A T (0,20#0) FACING (270) WALL (20 BY HI])
196 PARTIII D1

197 STARTING AT (58,0,0) FACING (90) WALL. (10 BY HI),
i96 STARTING AT (58,10,0) FACING (0) "ALLI (17 BY HI),
199 STAWTING AT (41,10,0) FACING (90) NALLI (9 BY HI),

200 STARTING AT (41,19,O) FACING (0) WALI.1 t13 BY HI),
201 STAPIING AT (28,19,0) FACING (90) KALLI (9 BY HI),
202 STARTING AT (28,2,0) FACING (0) WALLI (28 BY HI),
203 STARTING AT (0#26,0) FACING (270) WALL (8 BY HI);
204 LIGHTS z h.26tADMIN LIGHTS$
205 CONTROLS = ADMIN COOL AND HEATI
206 PEOPLE x 4,ADMIN OFFICE OCCUPANCY;
207 END ZIINE;

20A ZONE 6 "CONFERENCE BRi
209 ORIGINI (202,l0,0))
210 NOJRTH AXIS 0 Of
211 ROOF:
212 STARTING AT (nnPH0 ) FACING (180) ROIIF (17 BY 9)f
215 STARTING AT (-13p9pHI) FACING (180) HOOF (30 BY 14);
214 FLOOR:
215 STARTING AT (O09,0) FACING (180) FL00143q (17 BY 9),
216 STARTING AT (-13e23,0) FACING (180) FL0UR39 (30 BY 14)1
217 PART II 0iis
218 STARLING AT (0,0,0) FACING (180) wALLI (17 BY MI),
219 STARTING AT (17,0,0) FACING (90) WALLI (23 BY HI),
220 STARTING AT (17,23#0) FACING (0) AALLI (30 BY Hi).

221 STARTING AT (-13r23,0) FACING (270) WALLI (1 BY HI),

222 STARTING AT (-13,9,o) FACING (180) NALLI (13 BY HI),
223 STARTING AT (0,0,0) FACING (270) 6ALLI (9 BY HI)i
224 LIGHTS 2.79AD4IN LIGHTS1
225 CONTROLS - AO4IN COOL AND HEAT)
226 PEOPLE 2 2PADMIN OFFICE OCCUPANCY$
227 EN) ZONE5

228 ZONE I *CLASSROOM B':
22q ORIGINI(149,400)1
230 NORTH AXIS = 0
231 ROOF:

232 STARTI(G AT (0,0,0) FACING (180) ROOF (10 BY 37)1
233 SLAB ON GRADE FLOUR
234 STARTING AT (0,37,0) FACING (180) FLOOR BLAU 4 IN (70 BY 37);
235 PARIIIIUNSl
236 STARTING AT (O000) FACING (180) VALL2 (70 BY V4)p
237 STARTING AT (10,0,0) FACING (40) mALLI (37 NY HI)
238 STARTING; AT (O,6,0) FACING (270) NALL? (16 HY HI)f
239 EXIFRIIIR MALLSI
200% ARTlIIN(, Al (n,N7,1) F AoIIr. (0) Al - (7( MY HI)I
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?411 iALLS 10 UNCOOLED SPACISI

?U2 SAPTING AT (037,0) FACIN, (70) VALL2 (21 BY HM11
Z45 L/GHTS = 13.54,ADMIN LIGHTS1
2'Q CO)NIROLS = ADMIN COlL AND HI'Alj
245 PE0IPL(. = 25,ADMIN CLASSR(10M OCCUPANCY)
246 Et) ZI)NFf
247 Z(INE 102 *STORAGE B"
248 I1kIG[Nf (Q19#0,0))
24q N(i'fT 4XIS01
250 p(UUF:
251 STARrING AT (OpOtHI) FACING (180) kU(hF (41 BY 77)
252 SLAB UN GRAOE FLOORS
253 STARTING AT (OPTTPO) FACING (180) FLIOR SLAB 4 IN (41 BY 47))
254 FLOOR:
a55 STARTING AT (0000) FACING (160) FLOLUHS9 (41 BY 30)1
256 EXTERIORl WALLSs
257 SIARTING AT (0,00) FACING (180) WALL (41 BY HI),
256 STARTING AT (41,OO) FACING (90) WALL (77 BY MI),
259 STARTING AT (41,77,O) FACING (0) WALL (41 BY H)1
260 PARTITIONS:
261 STARTING AT (OT7,0) FACING (270) WALLI (77 flY ")
262 LIGHTS 1 16.59, ADMIN LIGHTS;
263 CONTROLS = ADMIN M ONLYI
264 PEOPLE Z TADMIN OFFICE OCCUPANCY:
26S END ZONE;
266 ZONE 1600 "BASEMENT"
267 ORIGIN(770,0)1
268 NORTH AAIS 0 D)
269 UASEMENT WALLS
21o STARTING AT (0$20,0) FACING (180) WALLi (64 BY 8)p

SSTARTING AT (64,20,0) FACING (270) WALL? (20 BY 5),
272 STARTING AT (64r,) FACING (160) WALL2 (98 BY 6),
273 STARTING AT (162,0,0) FACING (90) *ALL2 (30 BY A),

?T4 STARTING AT (162,30,0) FACING (0) WALL2 (162 HY 6)p
275 STARTiNG AT (O,30,0) FACING (270) OALL2 (10 BY I)
276 CEILING
27 STARTING AT (0#20,8) FACING (180) CEILING39 (b4 BY 10)e
2? STARTING AT (64,0,S) FACING (180) CEILING39 (98 BY 30);
2?9 SLAB ON GRADE FLOOR
260 STARTING AT (0.30,0) FACING (160) FLOOR SLAB 4 IN (64 BY 10),

281 STARTING AT (64#3400 FACING (180) FLoOR SLAB 4 IN (98 BY 30)1
282 C(INTRULS 2 ADMIN N ONLYI
243 PEOPLE 2 1AOMIN OFFICE OCCUPANCY:
284 LIGHTS 2 b.26,AOMIN LIGHTS,
285 END ZONE
286 ENO HUILOING DESCRIPI1NI
287 BEGIN FAN SYSTEM OESCRIPTIONI
288 MULT1ZO jE SYSTEM I "MAIN* SERVING ZONE 1,2,3,4 4 ,p,7
289 FOR ZONE I
290 SUPPLY AIR VOLUME z 3000)
291 ENDI
292 FOR ZONE 2&
293 SUPPLY AIR VOLUME S 197S1
294 LNI)I
295 FUR ZONE 31
296 SUPPLY AIR VOLUME 3 S351
297 ENO;

291q F1i ZONE 41
299 SUPPLY AIR VtLI)ME Z 211051
Ann INi I
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30t FL)N ZOIE 5:
102 SUPPLY AIR VOLUME = 27353

303 f NO;
3041 FUR ZIN- 6:
305 SUPPLY AIR VOLUME = 615;
306 EN);
301 FOR ZUi I 7
30A4 SUPPLY AIR VOLUME - 30001
309 ENOF
310 OTHER SYSTEM PARAMETERS:
i11 SUPPLY FAN EFFICIENCY ,bb301
312 HUT DECK CONTROL x OUTSIDE AIR CONTRUI.LFUJ
313 HOT DECK CONTROL SCHEDULE x (200 Al 5,8O AT 70)1
314 COL) DECK TEMPERATURE a 581
315 COLD DECK THROTTLING RANGE 2 16;

316 MIXED AIR CONTROL = ENTHALPY ECONOMY CYCLE1
317 DESIRED MIXED AIR TEMPERATURE a 55#
318 END
31q EQUIPMENT SCHEDULESS
320 HEATING COIL OPERATION 1 CUNTINUOUS,18 MAXIMUM TEMPERATURE#
321 ,,400 MINIMUM TEMPERATURE:

322 COOLING COIL OPERATION a OFFS8 MINIMUM TEMPERAIUREI
323 MINIMUM VENTILATION SCHEDULE = UA VEt'T)
324 END;
325 END SYSTEM;.
32b UNIT VENTILATOR SYSTEM 101 "UNIT HEATER" SERVING ZONE 1011

327 FOR ZONE 101
328 SUPPLY AIR VOLUME = 500;
329 REHEAT CAPACITY = 50000f
330 END;
3 EoUIP14ENT SCHEDULES

332 SYSTEM OPERATION = INTERMITTENT:
333 HEAI1NG COIL OPERATION = CONTINUOUS78 MAXIMUM TEMPERATURE1
3544 ENnS
335 OTHER SYSTEM PARAMETERS

336 MIXED AIM CONTROL : FIXED AMOUNTI
337 OUTSIDE AIR VOLUME = 0.,

338 NOT DECK CONTROL v OUTSIDE AIR CONTROLLED:
339 NOT DECK CONTROL SCHEDULE a (200 AT 580 AT 70)1
340 END:

341 END SYSTEM)
342 UNIT VENTILATOR SYSTE4 102 "UNIT HEATER" SERVING ZONE 10i
343 VnR ZONE 102

344 SUPPLY AIR VOLUME - 500;
345 REHEAT CAPACITY 2 50000;
346 ENUI
347 tOIIIPMENT SCHEDULES
348 SYSTEM UPERATION a INTERMIIIENTI
349 HEATING COIL OPERATIO1 = CONTINUI)OUS,78 MAXIMUM TEMPERATUREI
350 ENDI
351 OTHER SYSTEM PARAMETERS
3S52 MIXED AIR CONTROL a FIXED AMOUNT;
353 (1UTSIDE AIR VOLUME x 0.1
354 HOT DECK CONTROL a OUISIDE AIR CONTRI)LLED)

355 HOT DECK CONTRT3L SCHEDULE a (200 AT .,O At ?0)0

356 END$
357 END SYSTEMS
' SS SINGLE ZONE DRAM THRU SYSTFN 1000 "IASE40NT" SERVING ZONE 1000;
35q FolR tONE 1000
tfl ',lVI'I y All, V01 U 3- I 1I1.'cI
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361 ENO)5
362 EV IJIPMENT SCHEDULES

363 SYSTFM OPERATIUN a INJEHMITTENT,78 PAXIMUM TEMPERATURE,
36I -300 MINIMUM TEf 'PERATURE;
36S HEATING COIL OPERATIO14 CUNTINUIIJS,78 MAXIMUM TEMPERATUREI

366 COfOLING CuIL UPFRATION OFF1
361 MINIMUM VENTILATION SCHEDULE = C0NTINUOUSj
368 END;
369 tTHeR SYSTEM PARAMETERS
370 MIXED AIR CONTROL FIXED AkDUNTI
371 OUTSIDE AIR VOLUME - 112001
372 SUPPLY FAN EFFICIENCY a .8191
373 ENDO
3741 END SYSTEM;
375 END FAN SYSTEM OESCRIPTIONI

376 BEGIN CENTRAL PLANT DESCRIPTION1
377 END INPUTI

J
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APPENDIX C:

STATISTICAL FORMULAS

% Difference = X-r

DIFFAVE N PERAVE NASV

2E 2 -(ED 2 NEP22N D 2  (Z D 2
DIFFVAR NE DPERVAR= (1)- DABS VAR=

N7N-i) N (N-1) N (N-i)

DIFFSTD = DIFFVAR PERSTO = PERVAR DABBSTD = DABSVAR

where: X = measured
Y = predicted
D = X-Y
N = number of observations
P = D divided by X times 100
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